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fall waa 53 inches, and the winter's total exceeded 10 feet. All high- 
ways were absolutely impassable for automobiles from tlie first wcek 
in January to the last week in March. 

Through the kindness of several of the station officials, 
the writer has secured comparative snowfall data for a 
number of the more Northern States. At Albany and 
New Yorlr the snowiest winter occurred niore than 30 
years ago, but there have been only six winters with 
more snow than fell in that of 1922-33. The records at  
New Haven estend back to 1573, and the data liave 
been averaged by 10-year periods, beginning with tlw 
earliest records, witah t-he followhg results: 48.5, 4O.S, 
42.3, 39, nnd 35.6 inches. .t4 gradual falling off is indi- 
cated a t  New Haven, yet the heaviest of record occurrcrl 
as late as the winter of 1915-16, and last wint,er the 
total was 19 inches above the noriiial. 

Another old record is that of Boston, beginning with 
1871, Our friends who believe the climate is chtmgin 
might find comfort in learning that the greatest sonsona. 
snowfall of record at  Boston (96.4 inches) wn.s in 1S73-74, 
but tlie winter with the leiist snow (5.3 inc.liesi \\-:is only 
two years later. By 10-year periods, coniiiiencing with 
1873, the averages are: 44.1, 47, -44.5, 39.8, and 47.G 
inches. The last is t,he greatest. Just RS was t,he case 
at Alhan and New York, the snowfall of thc wintcr 

was 21.3 inches above the normal. 
At Portland, I&., the greatest totd snowfall for a 

t 

1932-23 K as been exceeded but sis times. Tlic tuh l  

winter (125.5 inches) occurred in 1886-87, but 1Lt 
winter, with but one-half inch less, was next in amount. 
The decade averages a t  Portland are: 79.8,77,72, and 75.9 
inches. The heaviest snowfall of record a t  Northfield, 
Vt. (193 inches) occurred during the winter of 1887-88, 
but the second greatest was in a recent winter, that of 
1031-22, and the fourth greatest ust two years earlier. 

greatest fall (143 inches) was in 1900-1901; the least, in 
1918-19. The averages by decades (10-year periods) at 
this station are: 76.1, 99.3, 71, and 75.3 inches. Buffalo 
had the reatest total in 1909-10 and the least 20 years 
earlier. 5 n  the West we find that Cheyenne's winter of 
least snow was back in 1885-56 and the reatest some 

City occurred in the winter of 191617, and the second, 
third, and fourth since then. The following figures are 
given by way of corn arison, the dates indicating the 
winter of greatest snow!hl: Columbus, 1909-10; Detroit, 
1899-1900; Helena, 1880-81 ; Lincoln, 1914-15; Spokane, 
1589-90. 

There is evidence enough to permit persons in certain 
localities to redly believe that the days of heavy snow- 
fall arc past, but, viewing the subject in a broad way we 
are led to conclude that there will undoubtedly be 
heavy snows in the years to come just as there !have been 
in the past, nncl it is probable that present records will 
he exceeded at  many places. 

Rochester, N. Y., is an especial i y snowy place. The 

19 years later. The greatest total of recor I f  at Salt Lake 

T H E  NATIONAL ELIMINATION BALLOON RACE FROM INDIANAPOLIS, IND., JULY 4,1923. 

13y 1,. T. RAMVELR. lfeteorologist. 

[feather Borcau, Washington. D. C., August 3, 1923.) 

The three contestants covering the greatest distance 
from the starting oint in this event are chosen to 
represent the Unite ir States in the International Balloon 
Race-% sporting ercnt in which contestnats compete 
for u cup donated in 2906 by the late .Janies Gordon 
Rennett. Although, :is has becn stnt.ed, bliis is :L sporting 
event, there is estensive opport.unit,y during thqse races 
for oht.aining infornint.ion of value to the science of 
meteorology. For this reason it has been custonirtry for 
the Wetither Burem, in ecent.s of t,l?is sort, to contrihute 
from its knowledge of wind conditions both (-Jn the 
surface and in the free air such infoniiat,ion as may bc 
of value to contestants. 

Mr. C. G. dnclrus \viis again the Weat,her Bureau 
ohserver in the rwe ac.t,ing as aid to Mr. R. H. Upson, 
while the writ.er ww assigned to Indiana olis for t,he 

obtained from special pilot-balloon observabions made nt 
Indianapolis -and at  a number of surrounding Wcat,lier 
Bureau and Army aerological stations. In addition to 
the arrangements made for having. t,his detailed infor- 
nittt,ion directly available at  the stmartin$ lace, t.hc district 

balloonists. 
Arrangements were also ninde to hnve telegraphed t.0 

Tndinnapolis on July 2, 3, and 4 t,he c.oniput.ed free-air 
ressures from R nuniber of stations east of the Rocky 

bountxins. This made possible t,he drawing of charts 
ressme a t  1,000 nnd 3,000 

meteip epic !!% a ove sea level.' Tfis phase of Weather Bureau 
work IS of recent development and it may be said that 

purpose of giving the contestants first-han K inforinnt.ion 

forecaster nt Chicap forwarded specia P ndrices for the 

t.lie atmospheric 

~ 

1 Meisinger C. Le Roy: Mo. WEATRER REV. Sum. No. 21. The preparation and 
nignUiarnce dr free& pressure maps lor the central and eastern United States. 

this was t.he first occasion of its rnc.t,icd applicn6on. 
Furt,lier reference t.0 these charts \vi .p 1 he made later. 

Radio bullet.ins were issued on the evening of the 4th 
and t.he morning of t,he 6th from Chicago, Detroit, 
Schenect.ady, nnd Washington for the benefit of those 
I)nlloons bh:d wcre equipped with receiving sets. Only 
four of t,he 'balloonis+ availed t.hemselves of this source 
of infornintion, tlie u-inner being one of these. 

It seems ]>roper, first., to describe the dominant features 
of t,he c,ontrollmg pressure mens n few davs previous to 
the race. The wenilier over Indiana on the niornmg of 
.July 1 wns ant.iryclonic, t.he result. of a high-pressure area 
centered over Ncm England which was becoming merged 
with the permanent IIIGII oyer the Atlantic and accom- 

anied by relatirely low pressure nort,h of the Candian 
Rnrder. This HIGH over Ncw England had previously 
crossed the United St.ates with n of mownient greater 
t.han normal. On the nest dnv the Bt.1nnt.k HIGH con- 
t.inued in con t.rd cnnsing nioder,zt.e to  fresh southwest 
winds nhove 1,000 met.ers. By t.he morning of the 3d 
there mas evidence of n condition approaching st,agnat.ion, 
typical of the summer sea,son, while t,hundemtorms were 
becoming general over t*lie Lake region. 

A distinct feature of tlie free-air conditions at this 
t,inie and one gratefully d c o m e d  bv the balloonists was 
t,he continuation of moderate westerly winds at altitudes 
of 1,000 meters and higher, a result, undoubtedly, of the 
relat,iwly lower t.emperntures over the Hudson Bay re- 
gion. An inte.rest,ine incident of the race indicating the 
st.eadiness with whi& the general wind drift continued 
was the siglitina of four other balloons by Lieutenant 
Lawrence very cjose to his own after more than 12 hours 
in the air. After 23 hours he again sighted one of the 
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other balloons about 10 miles distant. On the 3d there 
was a parent on the 3,000-meter pressure c.hart, Figure 1, 
a sha P low depression over the lower Lakes region. A 
depression was subsequently found ..over Ontario on the 
surface weather map of the 4t.11, Figure 4. The free-air 
pressure charts, while beinw an entirely new feature in 
this work, were found most Relpful and profitable. They 
conveyed gra hicnlly, in a striking manner, the generd 
pressure gra8ient.s u t  these critical alt,itudes. I t  is 

considerable difficulty resulted in inaintaining constant 
altitudes. h tragic citsualty marred this year's race in 
the death of the two naval officers, Lieut. L. J. Roth, 
pilot, and Lieut. T. R. Null, nid. Both were drowned in 
Lake Erie after a forced landing caused by a defective 
valve. Numerous other less serious accidents occurred 
to several of the other contestants, due mostly to tliun- 
clexstornis and in some instances to mechanical defects. 
Some of the inore thrilling escapes from accidents in 

FIGS. 1-4.-Prcssim maps st sea lewl. and 2,ooO inetrrs sbmr sea lerel. at 8 .  ni.. sr\'cntp-8ltli mcridisn time, July 3 and 4, 1923. At left. July 3; at right, July 4. 
Surface maps. bvlow; free-sir imps, abovc. 

thought that these charts should be iiiade a pernianeut 
part of the meteorological contribution in all future 
events of this character. 

Intermittent showers set in at  Indianapolis during the 
afternoon of the 3d and continued until nearly noon of 
the 4th. This made inflation soinewhnt unpleasant, but 
fortunately no gusty winds occurred, .thereby allowing 
this process to proceed without any serious mishaps. 

The balloons took off beneath an overcast sky and 
drifted north-northeastward in R very light wind, re- 
mainin low until they were lost to view of the spectators 
at  the ield. Practically all of the balloons encountered 
thunderstornis during their voy.age and owing to these 
they were finally forced to land. Lieutenant Lawrence 
observed a temperature lapse rate at  an altitude of 3,000 
feet, which exceeded the adiabatic rate for dry air, in- 
dicating the favorable conditions for thunderstorm de- 
velopment. Strong ascendi and descending currents 
were frequently experienced 3 y all the contestants and 

forced landings are briefly described in the following ac- 
counts. The first refers to Upson and Andrus. 

Balloon split a t  5,800 feet, forcing us to descend, ueiiig balloon as a 

The following report came froni Donaldson: 
Landed 6.12 a. ni. July 5. S miles northeast of Bryan, Ohio; impos- 

The following was taken from the log of Van Orman: 
Balloon seemed to be lealiing badly, and after sunset it waa evident 

we would soon run out of ballaat. All disposable equipment was 
thrown over and one-half bag ballast saved for landing, which was 
made in absolute darkness with drag rope. Landing made with help 
of farmer who pulled balloon out of trees. 

Norfleet re orted as follows, after being compelled to 

* * * In dragging across B large oak tree the drag rope became 
wound around a limb two or three times. I w.w about to cut it away 
when I attracted the attention of mme people and asked them to 
release it or cut it at  the tree. They were proceeding to do thb when a 

parachute. 

sible to rip, was compelled to jump, allowing balloon to escape. 

descend to a P ow altitude, owing to thunderstorms: 
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guat of wind of about 25 miles an hour struck tlie balloon forcing it 
down into another tree, at which time the rip cord became entangled 
in the branches of this tree. pulling i t  loose frum the lmket. This 
forced me to land a t  once and ended the race so far this balloon was 
concerned. 

The following is taken from McCullougli's log: 
Forced to ground 1JV being caught in twn thundewt,ornw while over 

C:ormpolis, Pa., one rrom t,he northcut and ono frum t.he southeast. 
Terrific winds which drove the balloon almost due west and requiring 
a rip landing a t  Frankfurt Spring& Pa. 

Some of the meteorological conditions encountered by 
Lieuteuant Lawrence's balloon were described by Lieu- 
tenant Reicaelderfer aid, as follows : 

Alt.it.ude, 13,400 feet. Tenipc:mture, 45' F. 
C:u. rising to the wwt, nort.11, and enat.. Mist is fwniing (:in n level some 
hundred feet. below the balloon. Our course i n  east. Humidity is 
high enough to condense breath. A rninlmv appeared on the miat 
around the balloon shadow. 

3.30 p. m. Alt,itude, 14.500 feet. Coume east. Cu. Kb. clnsing in 
to t.lle nisrth, emt,, and south. 

2.35 8. m. Alti!yle, 14,300 feet. Be1i.w us nt nlmit 9.000 feet i* n 
thick umuluq mwt. Ski: 5/10 C!u. and 4/10 Cu. XI). Thunder- 
tatjrm; iu all directionq. 

4.03 p. m. Pawing t.hrmgh Cu. We are vnlving almoPt ciintinu- 
r d y .  We :i.ri+ in 
a ri.Ting current, arid our p is esp:t~idiiig rixpitllv because of Iiiglit~r 
temperalure, The balloon ir risivg rapidly through t.he edge of t.lk 
Cu. Nb. and is passing t.hrlJugh t,he i~1:11~11 w r y  rapidly. 

4.10 I). ni. Emerged frwn * t,op nf CU. at. : h u t  ]-!,OW feet,. We 
were v:ilving almust. cirnt.inunudy. The sun WLY shining briyhtly. 
Hnlloon wse rapidly tn 1(j,500 ft.*et.. We hdd this altitutle for sever.il 
mi1:ut.m. Towering Cu, all nrnund UP. Sme l ~ t h ~  US. CU. Nh. 
were on all siden and cgrn\viiig npidly. We valved fnr B minute nr t,wu. 
~nllooil rose t,n 17,IJOo feet. fitsti?Wupp mve indicution tllat we WePe 
about tn dwccnd. Vulvd more. Balloon rose 200 feet higher. 
Valved continuously for three nr four miunt.c.s, botli hanging to vnlve 
Ccird. Balloon descended 100 IJr 20.f) feet.. Rt.~~i]>pet:l valving. Aweiit 
t!egan agiin. Valved one nr two niinutrrl. Rose to 17,F!IU feet,. Con- 
tinued vulving. Itwe 330 feet. higher, where the balloon remailled 
for a sliort time. Valved m e  or t.wo miiiufes. Rose t c ~  19,nOO feet. 
The Cu. Nb. were plwing all around us mid thunder wm frequent. 
Other Cu, tc~ps were 2,000 or 3.nn0 feet bel:>w UY. Valved several t h e 4  
for one or t.wo nunut.e period:c. The st,atisciIpe at tiniw indicated 
descent,. This never continued for more t h m  %l or 75 feet, w1ic.n 
mcent Legan again. Rnse by degrees 1.0 lS,MO feet,. We rcmaincnl 
Let.ween lS,500 and IS,OOO feet, for 30 minutei or more. The tlotation 

:The nearly continuous valying as reciled iu Flus paragraph semis to IJC courll!sjvo 
evidence that the lyalloou was in n strong ascendmg current in which the air was r i m -  
en maso rather than in diseontiuuous shreds as has sometimes been sug:pested.-EDird 

July 5.  11.20 a. in. 

Balloon ri3ing :lt rj te i i f  600 ti MII~ feet p r  minute. 

- 

hags burst one after another with loud reports. We valved for two or 
three minute periods (as long M the two of UB could hang on to the 
valve cord) six to ten times. Chi. tope were all around ua. There wan 
frequent thunder. There were some Cu. top below US some 3,000 or 
4,000 feet. Finallv, nfter many minuteq of valving, descent began 
slnwly. Reached h p  of rlouds at about 14,000 feet. Descended rap- 
idly thmUgh rlouds for several thousand feet at rate of 1,000 or 1,%0 
feet per minute. Begm expending ballwt including the helium 
1JIJttk. Cdme nut of hnse of cluuds a t  about 7,000 feet. Mountains 
were all arcmiid, n tnwn or two, and a railroad. There were occasional 
c1e::recl fielrls and n great deal of woodl~nd. Descended rapidly to 
500 feet. nnmperl over b3llaSt as Ixdloon neJred ground. Drag ro e 
tjiucherl as ldloi,n dcscendecl tr, within a few feet of the trees. T ie  
d r w  rilpe caught i n  the trees. We lonkcd fnr a landing phce. The 
surgce xind ww light westerly CJj We finally loosened the drag rope 
and hexlwl fin a m a l l  ficld. Fnnnem were gathering. We celled to 
them io hold 118. We lsnclecl ei-ily at 5.55 p. m. uitli two hags of hal- 
1:tat. h s!iu\ver began just befnre we knded. We valved down, then 
ripped. 

The table below gives thc nanies of c lots  and aids, 
the distmce traversed. and time in t e air of each 
contestant. The list is arranged in the order of the 
distance covered. 

Pilul. I l i d  

scrv'c Cur Is. ~ 

( t i l  Licirt. B.'B. CitiiJlTt. u. p. N W ~ .  
17) hrut. J. B. Jordan. 

IT. ri. Arn1y. 
I * I  Licrit. C'oninmndw 

J.  P. NorIICet. U. M. 
Nary.  

( ! t i  J. A. Bovttui~r. ci- 
vilian. 

t l O i  K. F. I)oualdsou. 
fhilian. 

vilian. 

rivilim. 

vilhu. 

(111R. 11. IIpsm, ci -  

( l2i  W. T. Van Ornian. 

(1:s' \ Y s r r m  Kssor. ri- 

Lizot. .I. \V. Shop- 
law, U. M .  Aruiv. 

Limit. p. \$'. licihici- 
tlcrfcr. U. S. Navy. 

Limit. C. M. Brown. 

Liwt. C. d: Boud. 

P. .I. h~C~lIl~~1igh.  
I ivilian. 

U. 8. .hui . 
U. s. Ariiiy. 

Lirtrt. T. D. Guinn. 

Licut.. N. F. Moyer. 

Lirut. J.  R. .hlersou. 

IT. H. Navr. 

U. M. Armv. 

U. S. Nary. 

J. M. Yolton, civilian. 

P. A.  Erlscli. civilian 

C. G. hnrlrus. Wwther 
Burrau. 

H. V. Tliaddru. ci- 
vilian. 

Liritt. K. Emtmon. 
U. 8. Naval Reserve 
Force. 

I 
hiided (nran~t  Dis- 

town). I tance. 

' bIi8a. 
hrnrioa. N. Y.. .. .) 419.5 

Olrn Camphcll, 1 398.1 

Bro-ktou. N. T.. ., BY;. 2 

Ford City. Pa ...__ 3i0.0 

Frnnkhirt Springs, I 312 

I- 
- 

Pa. 

i 
I Pa. 

Wapakoncta. Ohio' 11s 

Hartford Clty, 

Atlnuts. lud.. . . . .I 

I 
i G8 Ind. 

30 

- 
Time 
n air. 

I€. 9n. 
23 15 

3j42 

2s 11 

0 31 

2 0 4  

20 6 

(P) 
IS 28 

16 10 

- 

0) 
(?) 

5 . u )  

2 5 0  

On Mondag, June 18, 1933, two iiistmct,!-,rs in t.lic Uiii- 
yersity of IVisconsin, W. E. Arnientrout niid M. L. h c -  
Queen, wcre struck by lightning w-liilc crossing an q)i! i i  
lot used hg the university for the stornge of cod. Xr- 
mentrout w;~s instantly killed, but Mnc.Queen is iiiw 
recovering, and I havt! obtained tlie following i11forin:ition 
froni lrini: 

He was conscious tlwoughout tlie period of the ulect,ricni 
discharge and realized that lie WHS being struck I>)- 
lightling. He says that the pain of the sptrsniodic coli- 
tractions of liis niuscles was terrible, but tlie noise niid 
heat of the flash were iiearly as had. He speaks duo of 
a seilsatioii of terrible ressure on liis head. 

The current eiitereif his body a t  his left shouliler, 
which is seared over an areit of about 4 inches. The 
muscles of his legs near the ankles were wrenched by the 
spasmodic c.on tractions and were swelled so tliu t liis 
leg at  that point was about twice the norind size wli,en 
I saw hini. He was pnralyzed from tlie wnist down for 
a few hours after the flash. 

.4rmeiitront., who w.ns killed, wns also burned on his 
left s1ii)ulder r ~ i d  arm, and ti sniall patch of hair was 
1mrnt.d from his head. Mac ueen, who fell beside 
drmentwut,, says that he trie 8 to rouse Armeiitrout 
and JlCJti Ped t.lmt 84 lie did so Armeii trout turned blue. 
Doctow tell 1110 tlitbt this cpnosis indkated that Armen- 
trout's heart l i d  stropped, prol>ahlv as n result of severe 
tct:uius due tu the 1mss:tge of eh.t.ricity through the 
muscle of t.he heart. 

The plucc where these men was struck is a very low 
dace, ~ i i d  gromid w:it,er is not far below the surface. 
h r e e  holes remain to show where the lightning entered 
the gromid. Tlint iron liw little directive effect on 
li htniiig is shown by the fact that a rdroad  rail lay 

30 feet li way, ti crane 100 feet away, and wire fences and 
the buildings of the Forest Products Laboratory about 
150 feet away. The cloud, which came from the south- 
west, had passed over houses, trees, and an iron smoke- 
stack witliin a few liundred yards. 

a B >out 10 feet t~waiy, the track of B railway switch about 


